MODE SWITCHING METHOD FOR PLL CIRCUIT 
AND MODE CONTROL CIRCUIT FOR PLL CIRCUIT 

BACKGROUND OF THE INVENTION 
5 The present invention relates to a mode switching 

method for a PLL circuit and a mode control circuit for a 
PLL circuit, and more particularly to a mode switching 
method for a PLL circuit and a mode control circuit for a 
PLL circuit having two modes, i.e., a high-speed mode and a 
10 normal mode. 

In recent years, PLL circuits are used in PLL 
frequency synthesizers for mobile communications, e.g., 
cellular phone systems. There are a strict requirement for 
high-speed lock-up of PLL circuits and a strict requirement 
fi 15 for high C/N ratios (carrier-to-noise ratios) and low- 
spurious leakage while PLL circuits are being locked. To 
meet these two contradicting requirements, a process for 
switching between a high-speed mode and a normal mode has 
been proposed. In the high-speed mode, the loop gain is 



all 
m 



P 20 high, and the PLL circuit is locked up at a high speed. In 



the normal mode, the loop gain is low, and a high C/N ratio 
and low spurious characteristics are obtained. 

Fig. 1 of the accompanying drawings shows in block 
form a conventional PLL frequency synthesizer. 

25 As shown in Fig. 1, a PLL circuit 80 has a phase 

comparator 84 which receives a reference frequency-divided 
signal LDR from a reference counter 82 and a comparison 
frequency-divided signal LDP from a main counter 83. The 
phase comparator 84 compares the phase of the reference 

30 frequency-divided signal LDR and the phase of the 

comparison frequency-divided signal LDP with each other, 
and generates an up pulse signal PU or a down pulse signal 
PD which has a pulse duration depending on the result of 
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the comparison. A charge pump 85 receives the up pulse 
signal PU or the down pulse signal PD, and generates a 
current DO depending on the up pulse signal PU or the down 
pulse signal PD which has been received. The current DO is 
supplied through a low-pass filter (LPF) 86 to a VCO 87, 
whose oscillation frequency is controlled depending on the 
current DO. 

When the reference frequency-divided signal LDR and 
the comparison frequency-divided signal LDP are in phase 
with each other, i.e., when the PLL circuit 80 is in a 
locked state, if the output current DO from the charge pump 
85 is 0 (zero), then the system has a dead band. 
Therefore, the phase comparator 84 generates an up current 
and a down current. Since an output current flowing when 
the PLL circuit 80 is locked affects the C/N ratio and the 
spurious leakage, the output current is suppressed in the 
normal mode. 

If the low-pass filter 86 of the PLL circuit 80 is 
fixed, then the lock-up time is shortened when the output 
current is large. Therefore, the output current DO of the 
charge pump 85 in the high-speed mode is set so as to be 
higher than in the normal mode, or to increase the pulse 
durations of the up pulse signal PU and the down pulse 
signal PD. 

The normal mode and the high-speed mode are switched 
by a lock detecting circuit 89 which detects a locked state 
in accordance with the comparison output signal (the up 
pulse signal PU and the down pulse signal PD) from the 
phase comparator 84. The lock detecting circuit 89 
generates a mode switching signal SW and supplies the mode 
switching signal SW to the charge pump 85. The lock 
detecting circuit 89 switches the normal mode and the high- 
speed mode in accordance with the locked state. 



In the locked state, the frequency of the reference 
frequency-divided signal LDR and the frequency of the 
comparison frequency-divided signal LDP are the same as 
each other. When the phase difference between the signals 
5 LDR, LDP falls in a predetermined range, the lock detecting 
circuit 89 switches the high-speed mode to the normal mode. 

The PLL circuit 80 with the low-pass filter 86 being 
fixed stably has the phase difference between the signals 
LDR, LDP due to the characteristics of the charge pump 85 
10 and the low-pass filter 86. Therefore, the PLL circuit 80 
is stable in different states in the high-speed mode and 
^ the normal mode. As a result, when the high-speed mode is 

Ej switched to the normal mode, the PLL circuit 80 tends to be 

ffj unlocked, increasing the phase difference between the 

J 15 reference frequency-divided signal LDR and the comparison 
M frequency-divided signal LDP. 

$ In such a case, the total lock-up time is the sum of 

p the lock-up time in the high-speed mode and the re-lock-up 

p time required to lock the PLL circuit from an unlocked 

* n 20 state upon mode switching. In order to reduce the total 
f'W lock-up time, therefore, it is necessary to reduce the re- 

lock-up time required due to the unlocked state. 

However, after the lock detecting circuit 89 detects a 
locked state, the lock detecting circuit 89 generates a 
25 mode switching signal SW for changing from the high-speed 
mode to the normal mode. If the mode switching signal SW 
is supplied to the charge pump 85 while in operation, then 
the difference that is developed between the locked 
frequency and the unlocked frequency by the unlocking of 
30 the PLL circuit, i.e., the unlocked frequency interval, is 
widened. 

If the unlocked interval is large, then the time 
required to reach a maximum unlocked frequency (maximum 
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unlocked state reaching time) is increased when the PLL 
circuit is re-locked up, resulting in an increase in the 
re-lock-up time. As a result, the total lock-up time is 
increased. 

5 SUMMARY OF- THE INVENTION 

It is an object of the present invention to provide a 
mode switching method for a PLL circuit and a mode control 
circuit for a PLL circuit for making it possible to lock up 
the PLL circuit, which operates in a high-speed mode and a 
10 normal mode, at a high speed. 

^ To achieve the above object, the present invention 

P3 provides a method of switching the mode of a PLL circuit. 

The PLL circuit includes a phase comparator for comparing 

*K15 the phase of a reference frequency-divided signal and the 

W 

HI phase of a comparison frequency-divided signal with each 

other and generating a comparison output signal, a charge 
P pump for generating a current depending on the comparison 

k? 

p output signal from the phase comparator, and a voltage- 
b^20 controlled oscillator for generating an output signal 
ffj having a predetermined frequency in accordance with the 

current generated by the charge pump. The PLL circuit has 
a first mode for locking an output signal thereof up to a 
desired frequency at a high speed and a second mode in 
25 normal use. The method includes detecting whether a 

current output terminal of the charge pump is in a high 
impedance state, and switching the mode of the PLL circuit 
from the first mode to the second mode or from the second 
mode to the first mode when the high impedance state is 
30 detected. 

A further perspective of the present invention is a 
circuit for controlling the mode of a PLL circuit. The PLL 
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circuit includes a phase comparator for comparing the phase 
of a reference frequency-divided signal and the phase of a 
comparison frequency-divided signal with each other and 
generating a comparison output signal , a charge pump 
5 connected to the phase comparator, for generating a current 
depending on the comparison output signal from the phase 
comparator, and a voltage-controlled oscillator connected 
to the charge pump, for generating an output signal having 
a predetermined frequency in accordance with the current 
10 generated by the charge pump. The PLL circuit has a first 
mode for locking an output signal thereof up to a desired 
frequency at a high speed and a second mode in normal use. 

P The circuit includes a state detecting circuit for 

P 

jg detecting whether a current output terminal of the charge 

^15 pump is in a high impedance state. The state detecting 

Hj circuit generates a mode switching signal to switch the 

r 

ft; j;s _ 

mode of the PLL circuit from the first mode to the second 

fc; mode or from the second mode to the first mode when the 

iiJ . 

p high impedance state is detected. 

IS 20 

ftj A further perspective of the present invention is a 

semiconductor device including a PLL circuit and a mode 
control circuit connected to the PLL circuit, for 
controlling switching of the mode of the PLL circuit. The 

25 PLL circuit includes a phase comparator for comparing the 

phase of a reference frequency-divided signal and the phase 
of a comparison frequency-divided signal with each other 
and generating a comparison output signal, a charge pump 
connected to the phase comparator, for generating a current 

30 depending on the result of the comparison by the phase 

comparator, and a voltage-controlled oscillator connected 
to the charge pump, for generating an output signal having 
a predetermined frequency in accordance with the current 
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generated by the charge pump. The PLL circuit has a first 
mode for locking an output signal thereof up to a desired 
frequency at a high speed and a second mode in normal use. 
The mode control circuit detects whether a current output 
terminal of the charge pump is in a high impedance state, 
and generates a mode switching signal to switch the mode of 
the PLL circuit from the first mode to the second mode or 
from the second mode to the first mode when the high 
impedance state is detected. 

Other aspects and advantages of the invention will 
tj , become apparent from the following description, taken in 

O conjunction with the accompanying drawings, illustrating by 
0 way of example the principles of the invention. 

#15 

Sj BRIEF DESCRIPTION OF THE DRAWINGS 



10 



Si 



The invention, together with objects and advantages 



to thereof, may best be understood by reference to the 
p following description of the presently preferred 



fy which: 



220 embodiments together with the accompanying drawings in 



Fig. 1 is a schematic block diagram of a conventional 
PLL frequency synthesizer; 
25 Fig. 2 is a schematic block diagram of a PLL frequency 

synthesizer according to a first embodiment of the present 
invention; 

Fig. 3 is a schematic circuit diagram of a charge-pump 
Z-state detecting circuit of the PLL frequency synthesizer 
30 shown in Fig. 2; 

Fig. 4A is a schematic circuit diagram of a counter of 
the PLL frequency synthesizer shown in Fig. 2; 
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Fig. 4B is a diagram showing output waveforms of the 
counter shown in Fig. 4A; 

Fig. 5 is a timing chart of the PLL frequency 
synthesizer shown in Fig. 2; 
5 Fig. 6 is a waveform diagram showing mode switching 

from a high-speed mode to a normal mode of the PLL 
frequency synthesizer shown in Fig. 2; 

Fig. 7 is a schematic circuit diagram of a charge-pump 
Z-state detecting circuit of a PLL frequency synthesizer 
10 according to a second embodiment of the present invention; 

Fig. 8 is a timing chart of the PLL frequency 
synthesizer shown in Fig. 7; 

O Fig. 9 is a schematic circuit diagram of a charge-pump 

m 

p Z-state detecting circuit of a PLL frequency synthesizer 

4fl5 according to a third embodiment of the present invention; 

SI and 

*** Fig. 10 is a timing chart of the PLL frequency 

0 synthesizer shown in Fig. 9. 

w 

feo DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

if 

f|j In the drawings, like numerals are used for like 

elements throughout . 

[First Embodiment] 

25 Fig. 2 shows a schematic block diagram of a PLL 

frequency synthesizer 10 according to a first embodiment of 
the present invention. The PLL frequency synthesizer 10 
comprises a PLL circuit 20, a lock detecting circuit 30, 
and a charge-pump Z-state detecting circuit (hereinafter 

30 referred to as "state detecting circuit") 40. 

The PLL circuit 20 has a function to switch between a 
high-speed mode (first mode) and a normal mode (second 
mode) . In the high-speed, the loop gain is high, and the 
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PLL circuit 20 is locked up at a high speed. In the normal 
mode, the loop gain is low, and a high C/N ratio and low 
spurious characteristics are obtained. 

The lock detecting circuit 30 detects a locked state 
of the PLL circuit 20 in accordance with an up pulse signal 
PU (first pulse signal) and a down pulse signal PD (second 
pulse signal) from the PLL circuit 20. The lock detecting 
circuit 30 generates a lock detecting signal S4 based on 
the detected result. 

The state detecting circuit 40 controls the lock 
detecting signal S4 in accordance with counter internal 
state signals RS, MS, counter clock signals RCK, MCK, and 
the pulse signals PU, PD from the PLL circuit 20, to 
generate a mode switching signal CS . The mode switching 
signal CS is supplied to the PLL circuit 20. 

The PLL circuit 20 will be described in detail below. 
The PLL circuit 20 comprises a shift register 21, a 
reference counter (reference frequency divider) 22, a phase 
comparator 23, a main counter (comparison frequency 
divider) 24, a charge pump 25, a low-pass filter 
(hereinafter referred to as "LPF") 26, a voltage-controlled 
oscillator (hereinafter referred to as "VCO") 27, and a 
prescaler 28. 

The shift register 21 receives a clock signal CLK from 
an external source and successively reads a serial signal 
DT in accordance with the clock signal CLK. The shift 
register 21 converts the serial signal DT that has been 
read into a parallel signal Data, and supplies the parallel 
signal Data to the reference counter 22 and the main 
counter 24. 

The reference counter 22 receives a reference signal 
fr having a predetermined frequency which is generated by 
the oscillation of a quartz crystal unit, for example. The 



reference counter 22 divides the frequency of the reference 
signal fr in accordance with a reference frequency-dividing 
ratio, thereby generating a reference frequency-divided 
signal LDR. The reference frequency-dividing ratio is 
established depending on the parallel signal Data. The 
reference frequency-divided signal LDR is supplied to the 
phase comparator 23. The phase comparator 23 receives a 
comparison frequency-divided signal LDP from the main 
counter 24. 

The phase comparator 23 compares the phases of the 
signals LDR, LDP, generates an up pulse signal PU and a 
down pulse signal PD (comparison output signals) which have 
pulse durations depending on the phase difference, and 
supplies the up pulse signal PU and the down pulse signal 
PD to the charge pump 25. The charge pump 25 generates a 
pump signal DO having a current value depending on the up 
pulse signal PU and the down pulse signal PD, and supplies 
the pump signal DO to the LPF 26. 

The LPF 26 smoothes the pump signal DO to generate a 
control signal VT having a DC voltage free of high- 
frequency components. The control signal VT is supplied to 
the VCO 27. The VCO 27 generates a VCO signal fv having a 
frequency depending on the voltage value of the control 
signal VT, and supplies the VCO signal fv to the prescaler 
28 and an external circuit (not shown) . 

The prescaler 28 frequency-divides the VCO signal fv 
in accordance with a fixed frequency-dividing ratio, 
generating a comparison signal fp, which is supplied to the 
main counter 24. The main counter 24 frequency-divides the 
comparison signal fp in accordance with a comparison 
frequency-dividing ratio, generating the comparison 
frequency-divided signal LDP. The comparison frequency- 
divided signal LDP is supplied to the phase comparator 23. 



In the PLL circuit 20, when the frequency of the VCO 
signal fv becomes lower than a locked frequency, the 
frequency of the comparison signal fp becomes lower than 
the frequency signal of the reference signal fr, developing 
5 a phase difference between the signals fr, fp. The phase 
comparator 23 generates an up pulse signal PU and a down 
pulse signal PD which have pulse durations depending on the 
phase difference between the signals fr, fp. For example, 
a phase difference may cause the pulse duration of the up 
10 pulse signal PU to be longer than the pulse duration of the 
down pulse signal PD. 
I,. The charge pump 25 generates a pump signal DO 

■P depending on the pulse durations at a low level of the up 

fees? 

jj) pulse signal PU and the down pulse signal PD. During a 
ijl5 period in which the up pulse signal PU and the down pulse 
*4 signal PD are of high level, the charge pump 25 holds its 
p output terminal at a high impedance state (Z state) . The 

LPF 2 6 changes the voltage value of the control signal VT 

w 

P in accordance with the pump signal DO, generating a control 
p2'0 signal VT having a high voltage value, for example. At 
fil this time, the VCO 27 generates a VCO signal fv having a 
high frequency depending on the control signal VT. 

Conversely, when frequency of the VCO signal fv 
becomes higher than a desired frequency, the frequency of 
25 the comparison signal fp becomes higher than the frequency 
of the reference signal fr, developing a phase difference 
between the signals fr, fp. The phase comparator 23 
generates an up pulse signal PU and a down pulse signal PD 
which have pulse durations depending on the phase 
30 difference between the signals fr, fp. 

The charge pump 25 supplies a pump signal DO depending 
on the pulse durations at a low level of the up pulse 
signal PU and the down pulse signal PD. During a period in 
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which the up pulse signal PU and the down pulse signal PD 
are of high level, the charge pump 25 holds its output 
terminal at a high impedance state (Z state) . The LPF 26 
generates a control signal VT having a low voltage value in 
5 accordance with the pump signal DO. At this time, the VCO 
27 generates a VCO signal fv having a low frequency in 
accordance with the control signal VT. 

The PLL circuit 20 repeatedly carries out the above 
operation to lock the frequency of the VCO signal fv to the 
10 frequency corresponding to the reference frequency-dividing 
ratio of the reference counter 22 and the comparison 
frequency-dividing ratio of the main counter 24. 
p The PLL circuit 2 0 switches between the high-speed 

|p mode and the normal mode in response to the mode switching 
* ? !jL5 signal CS. In the first embodiment, the charge pump 25 
*»tj switches the modes. The charge pump 25 adjusts the amount 



of current of the pump signal DO depending on each of the 

P modes, in response to the mode switching signal CS. 

ill 

Specifically, in response to the mode switching signal CS, 
feo the charge pump 25 makes the amount of the current of the 
flj pump signal DO greater in the high-speed mode than the 

amount of the current of the pump signal DO in the normal 
mode. In the high-speed mode, therefore, a change in the 
frequency of the VCO signal fv increases, causing the VCO 
25 signal fv to approach a desired frequency quickly. In the 
normal mode, a change in the frequency of the VCO signal fv 
decreases, stabilizing the frequency of the VCO signal fv. 

The mode switching function may be performed by the 
phase comparator 23 or the LPF 26. 
30 The lock detecting circuit 30 will be described below. 

The lock detecting circuit 30 includes a phase comparator 
(not shown), for example. The lock detecting circuit 30 
receives the up pulse signal PU and the down pulse signal 
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PD, and detects the phase difference between the signals 
PU, PD. The lock detecting circuit 30 generates a lock 
detecting signal S4 based on the detected result, and 
supplies the lock detecting signal S4 to the state 
detecting circuit 40. 

The phase difference between rising edges of the pulse 
signals PU, PD varies with the frequency difference between 
the reference frequency-divided signal LDR and the 
comparison frequency-divided signal LDP. when the phase 
difference between the pulse signals PU, PD becomes equal 
to or smaller than a predetermined value, the lock 
detecting circuit 30 detects a locked state of the PLL 
circuit 20. When the phase difference between the pulse 
signals PU, PD becomes larger than the predetermined value, 
the lock detecting circuit 30 detects an unlocked state of 
the PLL circuit 20. The lock detecting circuit 30 
according to the first embodiment generates a lock 
detecting signal S4 of high level when the phase difference 
between the pulse signals PU, PD is equal to or smaller 
than a predetermined value (locked state), and generates a 
lock detecting signal S4 of low level when the phase 
difference between the pulse signals PU, PD is greater than 
the predetermined value (unlocked state) . 

The state detecting circuit 40 will be described 
below. As shown in Fig. 3, the state detecting circuit 40 
comprises first and second flip-flops (hereinafter referred 
to as "FF") 41, 42, an AND circuit (AND) 43, and a latch 
circuit (LATCH) 44. 

The first and second FFs 41, 42 comprise D flip-flops. 
The first FF 41 has a clock input terminal which receives 
the clock signal RCK from the reference counter 22, a data 
input terminal which receives the counter internal state 
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signal RS from the reference counter 22, and a reset input 
terminal (RESET) which receives the up pulse signal PU. 

The second FF 42 has a clock input terminal which 
receives the clock signal MCK from the main counter 24, a 
5 data input terminal which receives the counter internal 

state signal MS from the main counter 24, and a reset input 
terminal (RESET) which receives the down pulse signal PD. 

The AND circuit 43 receives output signals SI, S2 from 
the first and second FFs 41, 42. The latch circuit 44 has 
10 a strobe input terminal (STB) which receives an output 

signal S3 from the AND circuit 43 and a data input terminal 
t which receives the lock detecting signal S4 from the lock 

p detecting circuit 30, The latch circuit 44 latches the 
|p lock detecting signal S4 in accordance with the output 
HrJL5 signal S3 from the AND circuit 43, and generates the mode 
HI switching signal CS. The state detecting circuit 4 0 
■ supplies the mode switching signal CS to the charge pump 

k 25. 

Li.j 

M When the lock detecting circuit 30 detects a locked 

teo state and generates a lock detecting signal S4 having a 
f|J high level, the state detecting circuit 4 0 generates a mode 
switching signal CS for operating the PLL circuit 20 in the 
normal mode. When the lock detecting circuit 30 detects an 
unlocked state and generates a lock detecting signal S4 
25 having a low level, the state detecting circuit 40 

generates a mode switching signal CS for operating the PLL 
circuit 20 in the high-speed mode. 

Fig. 4A shows a schematic circuit diagram of the 
reference counter 22, and Fig. 4B shows output waveforms of 
30 the reference counter 22. 

-As shown in Fig. 4A, the reference counter 22 
comprises first through fifth T flip-flops (hereinafter 
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referred to as "TFF") 51 through 55, an OR circuit 56, and 
an AND circuit 57. 

The reference counter 22 is a down counter including 
the five first through fifth TFFs 51 through 55, for 
5 example. The first TFF 51 receives the clock signal 

(counter input) RCK. The AND circuit 57 receives output 
signals 0UT1 through OUTS from the first through fifth TFFs 
51 through 55, and generates the reference frequency- 
divided signal (counter output) LDR in accordance with the 
10 output signals OUT1 through OUTS. 

The OR circuit 56 receives the output signals OUT2 
^ through OUTS from the second through fifth TFFs 52 through 
O 55, and generates the internal state signal (counter 
j;p internal output signal) RS in accordance with the output 
■*b.5 signals OUT2 through OUT5. As shown in Fig. 4B, the 
- : 4 internal state signal RS changes to a low level two clock 
^ r pulses of the clock signal RCK before the reference 
to frequency-divided signal LDR goes high. 

p The main counter 24 includes a circuitry similar to 

PL 

Lj£0 the reference counter 22. The internal state signal MS of 
fU the main counter 24 also changes to a low level two clock 
pulses of the clock signal MCK before the comparison 
frequency-divided signal LDP goes high. 

As shown in Fig. 5, the first FF 41 generates a first 
25 FF signal SI of low level from the time when the internal 
state signal RS goes low to the time when the up pulse 
signal PU goes high. The second FF 42 generates a second 
FF signal S2 of low level from the time when the internal 
state signal MS goes low to the time when the down pulse 
30 signal PD goes high. 

Therefore, the AND circuit 43 receives the first and 
second FF signals SI, S2, and generates an AND signal S3 of 
low level while the charge pump 25 is operating in 
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accordance with the pulse signals PU, PD. The AND circuit 
43 generates an AND signal S3 of high level when the charge 
pump 25 is not operating (Z state) . 

The latch circuit 44 latches the lock detecting signal 
S4 in accordance with the AND signal S3, and generates a 
mode switching signal CS from the latched lock detecting 
signal S4. 

The mode switching signal CS (mode switching timing) 
changes in synchronism with rising edges of the AND signal 
S3, as shown in Fig. 5. 

The state detecting circuit 40 changes the level of 
the mode switching signal CS at the time the charge pump 2 5 
is operating to the level thereof at the time the charge 
pump 25 is not operating (Z state) . 

Operation of the PLL frequency synthesizer 10 will be 
described below. 

As shown in Fig. 5, when the PLL circuit 20 is first 
operating in the normal mode, the lock detecting circuit 30 
generates a lock detecting signal S4 of high level (locked 
state) . In accordance with the lock detecting signal S4 of 
high level, the state detecting circuit 40 supplies a mode 
switching signal CS of high level to the charge pump 25. 
In the normal mode, the amount of the current of the pump 
signal DO is suppressed. Therefore, a change in the 
frequency of the VCO signal fv is reduced, stabilizing the 
frequency of the VCO signal fv. 

When the locked frequency is changed, the phase 
difference between the pulse signals PU, PD increases 
beyond a predetermined value, and the lock detecting 
circuit 30 generates a lock detecting signal S4 of low 
level (unlocked state) . 

The state detecting circuit 40 latches the lock 
detecting signal S4 in accordance with the AND signal S3 of 



low level. After having receiving the lock detecting 
signal S4 of low level (unlocked state) from the lock 
detecting circuit 30, the state detecting circuit 40 
generates a mode switching signal CS of low level in 
synchronism with a rising edge of the AND signal S3. The 
PLL circuit 20 operates in the high-speed mode and locks up 
the VCO output signal at a high speed in response to the 
mode switching signal CS of low level. 

The charge pump 2 5 generates a pump signal DO in 
accordance with the pump signals PU, PD of low level, and 
changes the output terminal thereof to the Z state in 
accordance with the pump signals PU, PD of high level. 
Therefore, the normal mode switches to the high-speed mode 
when the charge pump 25 is in the Z state. 

Then, when the lock detecting circuit 30 generates a 
lock detecting signal S4 of high level again, the state 
detecting circuit 40 supplies a mode switching signal CS of 
high level to the charge pump 25 in the Z state. At this 
time, the PLL circuit 20 operates in the normal mode. 
Since the high-speed mode switches to the normal mode when 
the charge pump 25 is in the Z state, the unlocked 
frequency interval is reduced. 

Fig. 6 shows locked waveforms after the high-speed 
mode has switched to the normal mode. When the mode 
switches at a time TO in Fig. 6, the unlocked frequency Fl 
due to phase comparison immediately after the mode 
switching is lower than the conventional unlocked frequency 
F2. In the first embodiment, the unlocked frequency 
interval is reduced because the mode switching is carried 
out when the charge pump 25 is in the Z state. Therefore, 
the maximum unlocked state reaching time Tl is shorter than 
the conventional maximum unlocked state reaching time T2. 
Consequently, the re-lock-up time is shortened by the 



difference (T2 - Tl) between these maximum unlocked state 
reaching times, and the total lock-up time is also 
shortened. 

The PLL frequency synthesizer 10 according to the 
first embodiment offers the following advantage: the state 
detecting circuit 40 generates a mode switching signal CS 
when the charge pump 25 is in the Z state, switching the 
mode of the charge pump 25 from the high-speed mode to the 
normal mode. Therefore, the unlocked frequency interval is 
reduced, shortening the re-lock-up time. As a result, the 
total lock-up time is shortened. 

[Second Embodiment] 

Fig. 7 shows a schematic circuit diagram of a state 
detecting circuit 60 according to a second embodiment of 
the present invention. The state detecting circuit 60 
comprises a flip-flop (FF) 61, an AND circuit 62, and a 
latch circuit 63. The AND circuit 62 receives an up pulse 
signal PU and a down pulse signal PD. 

The FF 61 comprises a D flip-flop. The FF 61 has a 
clock input terminal which receives the clock signal MCK 
from the main counter 24, a data input terminal which 
receives the counter internal state signal MS from the main 
counter 24, and a reset input terminal which receives an 
output signal Sll from the AND circuit 62. Therefore, as 
shown in Fig. 8, the FF 61 generates an FF output signal 
S12 of low level from the time when the counter internal 
state signal MS goes low to the time when the AND output 
signal Sll goes high. 

The latch circuit 63 has a data input terminal which 
receives the lock detecting signal S4 from the lock 
detecting circuit 30 and a strobe input terminal which 
receives the FF output signal S12. The latch circuit 63 



latches the lock detecting signal S4 in accordance with the 
FF output signal S12, and generates a mode switching signal 
CS, which is supplied to the charge pump 25. 

The state detecting circuit 60 controls the lock 
detecting signal S4 in accordance with the internal state 
signal MS and clock signal MCK of the main counter 24 and 
the pulse signals PU, PD, and generates a mode switching 
signal CS from the lock detecting signal S4. The state 
detecting circuit 60 may control the lock detecting signal 
S4 in accordance with the internal state signal RS and 
clock signal RCK of the reference counter 22. 

Operation of a PLL frequency synthesizer 10A including 
the state detecting circuit 60 will be described below. As 
shown in Fig. 8, when the PLL circuit 20 is first operating 
in the normal mode, the lock detecting circuit 30 generates 
a lock detecting signal S4 of high level (locked state) . 
In response to the lock detecting signal S4 of high level, 
the state detecting circuit 60 generates a mode switching 
signal CS of high level, which is supplied to the charge 
pump 25. 

At this time, the locked frequency is changed and the 
phase difference between the pulse signals PU, PD from the 
phase comparator 23 increases beyond a predetermined value. 
Then, the lock detecting circuit 30 generates a lock 
detecting signal S4 of low level (unlocked state) . 

The state detecting circuit 60 responds to the lock 
detecting signal S4 of low level and latches the lock 
detecting signal S4 in accordance with a signal of low 
level supplied from the FF 61. Specifically, when the 
charge pump 25 is in the Z state, the state detecting 
circuit 60 generates a mode switching signal CS of low 
level. The PLL circuit 20 operates in the high-speed mode 



and locks up the VCO output signal at a high speed in 
response to the mode switching signal CS of low level. 

Then, when the lock detecting circuit 30 generates a 
lock detecting signal S4 of high level again, which 
represents the locked state, the state detecting circuit 60 
generates a mode switching signal CS of high level when the 
charge pump 25 is in the Z state. In response to the mode 
switching signal CS of high level, the PLL circuit 20 
operates in the normal mode. Since the high-speed mode 
switches to the normal mode when the charge pump 25 is in 
the Z state, the unlocked freguency interval is reduced. 

In the second embodiment, the internal state signal MS 
and clock signal MCK of the main counter 24 control the 
lock detecting signal S4. The state detecting circuit 60 
offers the same advantages as those of the first 
embodiment, and may be made up of a reduced number of 
circuit components . 

[Third Embodiment] 

Fig. 9 shows a schematic circuit diagram of a state 
detecting circuit 70 according to a third embodiment of the 
present invention . 

The state detecting circuit 70 comprises an OR circuit 
71 and a flip-flop (FF) 72. 

The OR circuit 71 receives an up pulse signal PU and a 
down pulse signal PD. The FF 72 comprises a D flip-flop. 
The FF 72 has a clock input terminal which receives an 
output signal S21 from the OR circuit 71, a data input 
terminal which receives the lock detecting signal S4 from 
the lock detecting circuit 30, and a reset input terminal 
which receives a frequency-dividing ratio setting signal LE 
from a shift register 21. The FF 72 generates a mode 
switching signal CS. A frequency-dividing ratio of a 



counter for changing the locked frequency is established by 
the frequency-dividing ratio setting signal LE. 

In the third embodiment, the state detecting circuit 
70 controls the lock detecting signal S4 in accordance with 
5 the frequency-dividing ratio setting signal LE and the 

pulse signals PU, PD, and generates a mode switching signal 
CS, which is supplied to the charge pump 25. 

When the high-speed mode is switched to the normal 
mode, the effect of an unlocked state is particularly 
10 large. Therefore, the state detecting circuit 70 according 
to the third embodiment controls mode switching primarily 
Mb from the high-speed mode to the normal mode. 

Operation of a PLL frequency synthesizer 10B including 
the state detecting circuit 70 according to the third 



tjllS embodiment will be described below. As shown in Fig. 10, 

'!£ when the PLL circuit 20 is first operating in the normal 

* mode, the lock detecting circuit 30 generates a lock 

y detecting signal S4 of high level (locked state) . In 

5 

020 state detecting circuit 70 generates a mode switching 

ru 



response to the lock detecting signal S4 of high level, the 



signal CS of high level, which is supplied to the charge 
pump 2 5 . 

When the FF 72 receives a frequency-dividing ratio 
setting signal LE of low level from the shift register 21, 

25 the FF 72 generates a mode switching signal CS of low level 
in response to the frequency-dividing ratio setting signal 
LE of low level. The PLL circuit 20 operates in the high- 
speed mode in response to the mode switching signal CS of 
low level. The state detecting circuit 70 switches from 

30 the normal mode to the high-speed mode in accordance with 
the frequency-dividing ratio setting signal LE from the 
shift register 21. 
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Then, when the state detecting circuit 70 receives the 
lock detecting signal S4 of high level (locked state) again 
from the lock detecting circuit 30, the state detecting 
circuit 70 generates a mode switching signal CS of high 
level in response to the output signal S21 from the OR 
circuit 71. The PLL circuit 20 operates in the normal mode 
in response to the mode switching signal CS of high level. 

As described above, the high-speed mode is switched to 
the normal mode by the output signal S21 from the OR 
circuit 71 which is input to the clock input terminal of 
the FF 72, and the mode switching signal CS is switched in 
synchronism with a rising edge of the output signal S21. 
Thus, the high-speed mode switches to the normal mode when 
the charge pump 25 is in the Z state. 

The state detecting circuit 70 according to the third 
embodiment controls the lock detecting signal S4 in 
accordance with the frequency-dividing ratio setting signal 
LE from the shift register 21. The state detecting circuit 
70 offers the same advantages as the first and second 
embodiments, and is made up of a smaller number of circuit 
components than the second embodiment. 

It should be apparent to those skilled in the art that 
the present invention may be embodied in many other 
specific forms without departing from the spirit or scope 
of the invention. Particularly, it should be understood 
that the invention may be embodied in the following forms. 

In the first and second embodiments, the internal 
state signals RS, MS (counter internal output signals) of 
the reference counter 22 and the main counter 24 may be 
signals one or three clock pulses prior to the reference 
frequency-divided signal LDR and the comparison frequency- 
divided signal LDP (counter output signals) . To describe 



in more detail, the internal state signals RS, MS may be 
signals capable of reliably masking the operation of the 
charge pump 25 immediately prior to the reference 
frequency-divided signal LDR and the comparison frequency- 
5 divided signal LDP. 

The phase comparator 23 or the LPF 2 6 may switch the 
mode from the high-speed mode to the normal mode. In this 
case, the phase comparator 23 switches the mode by changing 
the pulse duration of the up pulse signal PU or the down 
10 pulse signal PD in response to the mode switching signal 
CS. The LPF 2 6 switches the mode by changing the 
(rtt characteristics of the LPF 2 6 in response to the mode 

pet 

jj* switching signal CS. 

W The state detecting circuits 40, 60, 70 may generate a 

yjl5 mode switching signal CS in accordance with the frequency- 

"■J dividing ratio setting signal LE from the shift register 21 

fc|jS2 

$ rather than the lock detecting signal CS. Alternatively, 

*f t the state detecting circuits 40, 60, 70 may generate a mode 

p switching signal CS in accordance with a signal supplied 

j«j20 from an external device to the PLL circuit 20. 
^ As indicated by the dotted lines in Fig. 3, the state 

detecting circuit may include a delay circuit 45 for 
delaying the mode switching signal CS by a given time. The 
delay circuit 45 delays a level change of the mode 
25 switching signal CS by a set time (delay time) of the delay 
circuit 45 from a rising edge of the up pulse signal PU and 
the down pulse signal PD. That is, a level change of the 
mode switching signal CS is delayed by the delay time of 
the delay circuit 45 from the end of operation of the 
30 charge pump 25. Accordingly, the mode can be changed 

reliably when the output terminal of the charge pump 25 is 
in the Z state. 
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Therefore, the present examples and embodiments are to 
be considered as illustrative and not restrictive and the 
invention is not to be limited to the details given herein, 
but may be modified within the scope and equivalence of the 
appended claims . 
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